The objective of this study was to use some indices related to soil aggregate instead of soil erodibility factor KUSLE of the universal soil loss equation (USLE) for a calcareous soils. Twelve composite calcareous soil samples from 0 -15 cm depth were collected from 12 different locations at Nineveh provenance. The selected soils were analyzed and commonly used for five erodibility indices in order to identify soil erodibility. These indices are; Clay Aggregation Index (CAI), Clay Dispersion Ratio (CDR), Clay Flocculation Index (CFI), Dispersion ratio (DR), and Erosion Index of Bouyoucos (EIB) .
INTRODUCTION
Soil erodibility (KUSLE) is actually defined as the quantitative measure of inherent soil susceptibility to erosion by susceptibility by water. Thus, the K factor for a specific soil can use an indicator of the detachment and transportation of soil particles by rainfall and runoff (Renard et al. 1997) . Factors which affect soil erodibility are generally categorized into two groups, the first relates to the physical characteristics of soil which are easier dealt with compared to the second which is related to farming management or conservative actions (Chan et al.1994) . It is basically related to the soil properties that include percentages of sand, silt, clay, and organic matter, structure, aggregation, and various interactions of these variables (Igwe et al. 1995) . To allow estimation of soil erodibility from measurable soil properties, the soil erodibility Nomograph was published in the early 1978 (Wischmeier and smith. 1978) . However, determination of soil erodibility under controlled field conditions by using Nomograph are tedious, time consuming and requires an elaborate experimental set up and therefore, can't be adopted for large scale investigations .Thus indices of soil erodibility can be worked out by measuring some properties .Various erodibility indices have been proposed by different workers for predicting the erosional behavior by computing the normal analytical data on soil physical properties. Some of erodibility indices that related to some of the efficient indices of soil erodibility are widely used in relation to be percentage-weight of water (Calero et.al.2008) to determine the soil erodibility of soil by water erosion. The objective of this study was to use the most common indices related to soil aggregates to identify the susceptibility of calcareous soils for water erosion. Also this study was aimed to determine the most important index that can be used instead of soil erodibility factor KUSLE for this type of soils.
MATERIALS AND METHODS
Twelve composite calcareous soil samples were taken from 0 to15 cm depth around different locations at Nineveh provenance. The collected soil samples were analyzed to some physical and chemical properties which included: 1-Particle Size Distribution of the fine soil fractions was determined using the sieve and pipette method. Total clay (TC) and total silt (TS) obtained by the use of chemical dispersant. Water dispersion clay (WDC) and water dispersed silt (WDSi) were obtained by the same method. 2-Calcium carbonate determined by titration with Hydrochloric acid. 3-Organic matter determined by Walkly-Black method (Jackson 1958) . 4-Sesquioxides determined by DCB method (Black 1965) . 5-Soil reaction (pH), electrical conductivity (EC) measured in1:1soil extract (Richard 1954) .
The soil erodibility factor KUSLE was estimated using the Wischmeier and Smith method by identifying some soil properties related to water erosion (sand%, very fine sand%, soil organic matter content, soil structure and soil Permeability. These determined properties were then plotted on special K-nomograph to get on soil erodibility factor (KUSLE).
K = [(2.1×10 -4 (M)1.14 (12 -a) + 3.25 (b -2) + 2.5 (c -3) 1.292] / 100
Where: M =Particle size parameter (% silt + % very fine sand) × (100 -% clay). a = Percentage of organic matter. b = Soil structure code. c = Profile permeability class (Wischmeier and Smith, 1978) .
Commonly, five erodibility indices were used for identifying the susceptible of soil to erosion instead of KUSLE were selected. Methodologies for estimation of the indices are described in Table (1) . 
RESULTS AND DISCUSSION
The study soils characterized by alkaline (pH > 7) non-saline (EC < 4 dS/ m) with low content of organic matter, Sesquioxides and high content of calcium carbonate ( Table 2) .
The soil texture was generally uniform for all the studied soil (Loamy) before removal calcium carbonate from the soil samples and changed to loamy -clay loam texture after remove calcium carbonate from it. This changing in soil texture may be due to the relative distribution of calcium carbonate in soil separates. The partial solubility of calcium carbonate in the studied soils (decalcification) in sand-size aggregates, cause to increasing the silt and clay separate in studied soils which makes changing in soil texture (Table 3) . (4) that the values of soil erodibility factor of (KUSLE) varied from (3.687 to 4.610) × 10 -2 metric unit with coefficient of variance (C.V.) equal to 9.776%. This variation in KUSLE values depend on some physical properties especially their texture class (particle size distribution) in relation to soil calcium carbonate content. Therefore, it seems reasonable that KUSLE value gave a significant negative correlation with clay and CaCO3 with was agreed following regression equation: Generally for all the soil studied, KUSLE values were seen to be decrease with increasing calcium carbonate and clay content in all studied soils, This may be due to the fact that the soil aggregates increasing with increasing calcium carbonate in soil and reducing their capability to erode by water erosion .
Soil erodibility indices :
Various soil erodibility indices derived from soil particle size distribution before and after removing of calcium carbonate have been listed in Table (4) . Among these indices, CAI was observed to be the highest (5.9 -11) , while the values of CFI ranged from (0.250 to 0.326) , CDR ranged between (0.673 to 0.750) and DR were from (0.767 to 0.910) . EIB values showed that were higher (2.717 to 4.649) than other indices, which may be instead of because of the particles size distribution before the removal calcium carbonate to particle size distribution after removal of calcium carbonate. Statistically, the results (as mentioned in Table 5 ) showed that there is a highly significant and positive correlation (r=0.891**) between EIB and KUSLE in comparison to the other criteria which pointed a weak correlation . The relationship of erodibility indices with KUSLE was observed to be negatively. The correlation coefficient (r) was the highest with CAI (-0.890), followed by DR (-0.481), CFI (0.453), accept CDR which show positively correlation (0.458). All these correlation values were significant at 5% level of significance. In addition, when the EIB values were regressed with the KUSLE values, the result pointed that relationship is governed by a quadratic regression equation as in the following mathematical formula: KUSLE×10 -2 = 6.571 -2.125 EIB + 0.3684 EIB 2 R 2 = 91.2 %
‫م‬
The residuals analysis for this model confirmed that the calculated values of the KUSLE through the EIB criterion were relatively applicable with predicted values ( KUSLE) .
Based on the soil erodibility scale of Roslan et al. (2017) , which classified the risk of water erosion into five classes depending on the EIB values, we can obtained that all the soil studied classified within the moderate -risk class except soil C40 and C46 (soils with highest content of CaCO3) which fell within the low risk -class for soil water erosion.
